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110(1), CIC 

OOMPOJEriB SIPECEFiaATION 

Miilti*<Stage Centrifugal Compressors 



SUliZBR FKfcRBS, SOCI^TE ANQNYMB, 

A Oompany oigamsed under I^aws of 
Switzertand, of Wintarfnw, Switzciflnd, m 
Iierebv dcdait: die Juvtotwa^ for which we 
pm tittt a patent may be granted «o u% ^ 



diaD:(ei£er of ibe rotors wold a!lso bave to 
be oousideFJdily xeduoed in -iit stages of 
a zttoldstage compressorj because if the cli^ 
mcttt icmaiited unrihanged die of tto 
blades of tHe totots cf tls later stages woiM 



50 



S m«hod^^I*ic& it is to be perfwmed, hare to be made ray ^ small, owmg to iSw 
tote tjaniciirly desci^ in and by the rcducttai in volume of lifi medmm dmmgg 

sufib narrow Wades tihe g?^ losses would be- 
OOOQB escesrirVe. l^iis the ■maTrfrmiin possiMe 
presSilie injereasc cam»n be cxploitol irith 
open-sided zotcis. 

!Pte these xeasoost in iziiiltl»st:age centdfu^ 
comipfesms all liie stages gener^y odanptise 
duouded tosm. Heie again the blades on one 
dde ate secured rc^ or are bittgal 'Wi^ a 



fdlowing $intfime9xc: — 

This iflvewion reaatcs to multi-stage cenm- 
fueal conttttCBSoiB rf «Jn^e caaing design, that 
iHo ^r«Mnp»*M8 ^ which aB Ae stages 
are enclosed en « da^e camng. ^ 

Acooiding to the present invention, p MCh 
a ecnqwcssar the first stage oouspEwes an 
dpcn-sided 5E<«ior, or die fiist smgc and at 
Sast one of itt feoSnedtoaly auaaading slagea 
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comnnse open-aded roaws, aad all d» stagps lotat&ig d«sc wtedi also fainw doe boimdaiy 



subsequent t» tie arid scageor stages oonqpnse 
shrouded towrs. , - ^ 

iAn opei^Sded rotoar has blades secwed to 
one side of a wtating disc or ftmncd lat^fW 
wtdi the dssc. wde channels ase bounded 
on one side by the eald didc and on ihe otter 
ade by a stations wall of .tihe casing. Such 
jQtm can rtm at 1^ perft*firri speeds and 
thei«fore produce a oonsidmble li^e to jW" 
sure, Thar maxSmum flw c^»«ty depends 
ic88 on tSie hilet ooss-seodon, which can be 
vaned wliihin ydic UnA^ than on the outlet 
cioss-section, ainoe fcr^a ^vm poriphcrai 
^odcy the wid^ tif the Idadc must not 
Gxoeed a cetiaSn mc^avtude becaose of the 
lidc of viht»dQn eflfeota* A disadvatftage of 
open-sided tfttftKna when used in multi-stage 
ccafrifugid oo mpi e ss ars is^ nhat mxA To\m 
possess a tery smaQ wodong range, since if 
the quantity of ifae jne^tnn floiwhig throu^ 
the compressor is sUj^xtly increased the outlet 
p i ^ibhmto falls comsidcrabty, wUlt if the 
qustttiiy of liie medum ^bwing throti^ is 
fiH^y ][tduoed the stttge limit is soon reached. 
Ipurtheimoic, c^jen-sMea rotors are very sen- 
dtl^ to -a^dai di^acements wUch may arise 
tJiiough differentiai h^ e^aoaoiL Tims, the 
blades may either graze agamst the ifised wall 
fi the easing bounding the blade channels, or 
die between this waU and die Uades may 
beoooDO so latffe diar losses throng die 
0iibstamiaBy teduoes tbe efficifin^ 

IPrict 3m. Od.\ 



on the blade chamxel, but the crther side d? 
ghe blade channet is bounded by a ^uxnid 
disc wfaidb h also securad to^ or is togrd 
irilSli the blades. Hcno^ no s^^^osses can 
occur &om the bbde diaaneis. Qn its ississst 
cucumfexenpe the dmud disc ge&neraSy is pro* 
rided wtth a ddcfc i9> to ^ve it Ae rt iengat 
necessary to rssist drcuuifevcRnal Jticssea dufi 
to oentr ifogai forces. Between this tib and the 
rotor &aSx there is an amnrfar hdec thRU^. 
which the medium entexs the rtybor. T%e ma^** 
mmm pennis^e x>eripheral velodty a 
shrouded rotor is leas titan that of an cpettr 
«ded xotx)r because t^ie vsssdtm lo the dim- 
rib aiishig from oentdfugal foras must , 
not exceed a Uniting v:a^ue. Since tihe Uades 
t£ shrouded p>tars mostly iianne a backward 
curvaxnre, the beiiding stresses <£f diese blades 
axe ^K^reased as the perlphecai vebc^ at- 
creases, whvdi must also be taken into aDcouttt 
Tims for tile same runziing ^^eed and for 
opfinum es|doitat{ouj a shiouded rotxff mnst 
lave a sma!^ outside diameter than an open- 
sfded loton The maxunum flow cs^acfty of 
a shrouded rotor may d^nd pardy on the 
oudet crcKsSxsection, as t£e b^diog stresses 
pkce a lUt on the pemnsd£fa^ tJ^nness of 
die blades, but It depends dAiSj on tj^ cedss- 
sediom ci the atmular Inlet bcitween tihe db of 
the shroud (Bsc and tiie rotor diafL TUs 
cmss-sectton cannot be ai^tcarQy xncrcaaed 
because dis dfameoer of the shaft cannot be 
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«dtioe4 bdow certain Ikiiis, m 'vicm of the 
om&j^stsiSxig dieducticm of the cntical speed, 
Bfid be«38e isa incxca'Ge ia tbQ dianreter the 
E& tmM fuirtfaer icmase de teuSKm in it 
5 <mB^ to the resliictioa bx the outside 
dhtmsT^ -would reduce tbe length ai the 
faEbdes so tfafft tbe detzed oKx^m of pits- 
mie ocHild igft be otitained. 
^ the fbnr capad^ of 3 dmnided zotor 

ing through a mtiKi-^t!^ oen'tsiAzgai cQQq>i:e3- 
SOT mik shrouded idtoi^ depends or the flow 
cfipax^ty of the ^tst sisge, sitid vai^fou^ ii(tldiu^l$ 
haw been made to fipd a my <rf iocteasaig 

■^5 the flow capacity rf die first ^age^ A 
' rotor coold he used, or two totors ooiild be 
connected in pardiel^ or a low: pzessore rotor 
and a high pzes^ure arotoi maifged to rotate at 
fdifferan: speeds cimld be conneoted in 8$i^. 

^0 -HOwev^;; i^ese solcrdoo^ -tojithe'j^ 

onljr take up ^ace but aze-also ccndy. -It is 
^alr^dy known to desi^' at least the^ifim' sfsge 
of a mnha-^tage oDonta^ugtall ccmpresBo^ with 
a -doidie^ed shrsndf^ notiu*;, biit whcte ia 

25 this way. a laksgeir imft of flew is achieved the 

• doiiblmg of die &st ^ge contstxindizKe^ 
' inoeases the flow nesistanoe, die ^pace zeqince^ 
cneiitB and the lOosfL If, for ex^pte^ the flow 
quanthy Is to be doubledj at toast die fiist 

30 tffoalfi^'imiscbe'prowledTO^ 

-^odided rotors so' that diQ msdicun cut be 
^icxmpfesisod «o ^ exitem: corre^pond^g to tbe 
' flow o^Mcity of thf: gr n g le^ sxd^ shrouded nlOr 
^ of thfi nesi^ flt^^ • • ' .^,^* 

35 Tlie ixpesetitibmic^ 

• hnease tUe' quantity oi'Mw wlnle scTiMn^ 
the a!&»iEfl6dd disadyai^^ - v--- - - 

H,' for the ^e iof %tp^vf$ty» dDe/cens^Eitera 
a jp^cidar ioxM-^gfics^ co«n^:e$$or 
40 wsdi ghroude^ rotoss of whidi jbe.&st 
:& so 'aixadgcai jtite it cau^- an appax^^ 
'inoccBfie.ia pcessim and at d^e same has 
-j to-ffl ^nfam flow' capadty;^ j^e^* the qiiantfty 
'flowing 'tfarou^ can he ^cohaldcrahly jn- 

• BUled 'Tixtm' is ' jrovided m_ tot ^intt . cap^. 
' This hiciea'se hi the !flaw (piati^ixty is j^mtly r 

than* waiild be ppssibJe" if a .doiiMfr^ided 
shicoded rotor w&tt used, iosfead. He ih^« 
50 mmai flow capsczty of an opeh-eided ro«Oar 
be a mul^e tfe ftw capi<3iy <ila ditboJed 
impdler die stme (EameterJ sot it is.posisflile 
' -widtout ^Efficuiby;^ Jto deafgp. the ojpen^tded 
xOtOT'iii: such a maimer that" the 'loa&fin le^^ 
55 ; hig it fafts' a "ftfluine exs^y'^ot^i^qodl)^^^ 
the flciw'caipaii^ of lift neatt stogie tstj^ikf^g 
a shrouded xaiooir /of 'the ^ine diannneac. 
■ If iS) addMod^a" Sajcxeatt in piSsisire is de- 
manded fnom^-th? a?!n)pr^gs6f hesfdes'.the in- 
60 isesse' of di^ quan^ty Sgimpg Ihnn^.lhen 
' ^east tte fast 8t^ <jC l^aamposss^ can bt 
onflttedwhen Ac opcn^^Med wworia'providcd 
as the firtt siBtge.. 'S!Jqm» d^ iroe |Kmd an 
'open-wded icifor cauBes a g^eatw inaease'rf 
v 6S ptQSSitre dian a shzvmded rotor of the same 




dkmei&rj and since on die odi& hand die 
last stages of a ounpiessor fceqaeody have 
rotors of snaHec dxaaiiEKier than the £ast stage 
(smce onhemise die blade wUth woidd become 
too amdl owSbg to the ledtigifan of the xe^ 
quired outlet cioss-seciaon icsultkig feoni^ttc 
I of the roedfum]^ and thocefore 
uce a smaller Iflciease of pressure^ k is 
in many cases when providing an 
bpen>-sided rocor as die flm ^ge to . omit the 
last i!wo stages employiog shrouded lotioi? so 
the whi^ con^Trrasor booomes smaller. 
C^wbg 10 the increased flow, what ^ now 
die i»c stages cm be provided -^th Uades 
of adequaJte widdi^ even dioogh the ou^de 
.diameter of such rotors is not leduced. Thus 
all the rotors of the compressor can have ^ 
fiame otiOlde diamemr, wMdi is a con^doaUe 
GnnpIiSqaiEion 

it ia adyiaa^le to .jrovide a thrust bearing 
ko! tht xmt ^hafc ciose to die c^en-sided 
rotor of the ifirst stage. Then in die event of 
unequal thetmal e3qnii5iQn '0Dcumn& the first 
stage su^ the mhtami asdai displacement 
so thait the afomneiildoned sensklveQesa of m 
open<^od rotor to uneijaal ihexmal espan- 
9ms is guarded a|^,k Xn any ^sse, the bbdtt 
are pneveiited ^t^n. b^«™^ ag^st the fi3Efid 
.'wall of the casing whidi could lead to fracture 
;of die bkdes^ as m the pit^Kised annngement 
thennisl espansion-wiil genemlly have the effect 
of .sli^tty increasmg the giep*becween dte 
blades and the wa!il oef the csatig, 

The inviendon may be pacToinKd in viatlous 
ways, and one parzlcnlitt ^ur rage oonipressor 
embodying ttie krveixdon wOl'now be specffi- 
. ca% described . by. vay . irf ts^m^ . ^ refers 
ence to the aoomnpanysi^ diufiviug>'* whkh is 
a ion^bidmail secatnm thcougfh die oosninessor. 

Iir the compressor shown in dia draws^ the 
'medium to be compre^ed eniera the oamjaes^ 
through an .i^et 2 famoA as part of 
*"of the ca^g 't '^gooiioiDg mckxm Is 
dirocited by guide vanes 3. into the Wade 
. channels 4 of die first canptesdon staged wMdh 
-^com^prises on. <f^r^ded tfotor. The b&de 
rchaimds 4 <tf. die fcr^e .^tage are bounded on 
. one side by the rotor disc 5, widi irfiicfa 
^die b^d^ are connedted, and on.tfae. odier 
;Mde by a stalwmry in die Ol^^ 

the inetS^J'etfim a -fi^ iSfinser 
. se;crdon .7 m wih!b]h paitof itsla^^ 
con^ted .into pressime' eto^. Then the 
^.metHum^is ^^ded lad^aQ^^iiM^aids dimngrh ^ 
'flxed-'«iMffli ^S^^ 'i'kad enlieia the Uade 
• dasmsi^ 9 die ^eotm J Stage rotpt This rotor 

;»t one.ade .10 die xonr Me Kimi an tiie 
: oflier to i'dnimff fl. .iSte indde op' 

amjfatenoe of lAe jiniad ^125 
-by'a^iidc lib l2:..TlK,"jiii(ffiii.^e,^g 
■from me segood jotorj^akses ^hiinHli a' 
.iiffiB«.£ec^pD,]B. The odottieaSca a die 
' two- subsequeitf - ac^ is ctnlea in die 

samemaoiierflsiQdieaeksidsiQge^Ilttoa^ 
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pressed mediian teaves ^ oompxtssor dxtough 
aa otitlet 14 which is abo tomed bs pait of 
the casi]i& wbkb outlet may ootnpnas an an- 

5 The ron discs 5 and 10 are mourned m 
the vmr shaft 15 ^vsih qraners 16 becween 
tfaem. The sttak V5 is wfspoiled at ooe end in 
a iouxiial beadng 17 nmch 1? ixsdU mounted 
ia a suppaitmg csmg 13, xvbile at the otiier 

10 end the shaft is wpporved in a comUned 
jound and Amat hcaxu^ 19 which is itsdf 
motmcfid in a suppcndi^ cash^ 20. The b&a- 
121^^ 19 is aasnged as dose as ocmveniently 
posattde to 4he open-sUcd zo&mt of the fim 

15 oofrp^ssiQiL stage. The diaft 15 is ccmneL'U sd 
widi its dri^iQg fihaft tfaioo^ a cooking 22. 
The interiot of the c&ong 1 is sealed &ara the 
Oiicslde by paddngs 23^ ivhHe an additional 
jpadong 24 is provided to ensure additional 

20 seoueity agBinsc leakage due to loo^tud^jal 
expansicm and oontxacdon of the totor shaft. 

If the cntkal spttd permits tihe empJoy^ 
meat of a longer tcitnc shaft, tile comptesston 
could be carneid out with Gyc or otore stages. 

25 A stigbt xtdn^jcm in fte mel Icagth can 
be achieved by omita^ tin gi^ Tones 3 
flnd» histesd, $b^^ inlet aids of the 
bkdcs in sudh a memer Abx. they dcficct the 
medium witfaoot ^hodc into dK tdade cbamieb 

^ 4of chctSmafiBge. 

The cencdfogai ccmpiessor mustcatfid has 
lomrs m iriuch die medhvn is con^ditssad by 



whicb is essetMMy in the mdial 
diiedioQ9 but the inyeois^ is also appfioibte 
tp oonqpiC390zs hffving Mtors hi vMdx tlie blade iS 
cbanodb aiso have as a^n^l oocnponent i-e. 
Totitas of ^osmnvih&t conkd fomi. 

iSbouid tbe ^mnait of the medium dc&rezed 
by a ain^ open-sided fotor be too aoafl, 
ihe second cx>inpre3dioii could iddo C(m- 40 
prise an open^sided romr. Compressors im^ 
whfich moie then tiie £ist two cicagea com- 
pxfse cpen^z^ed i^tois wouid ooSy be re- 
qoued in Gnospdooal cases. 

Whatwedaimis: — 45 

L A flOHzki-^t^e oentinfi^ compxesBor of 
sin^e caszDg design in wfanh die nzat stage 
comprises an opcnroodtd roto^> orthefinjt stage 
and at lease cite of its immediaidy sucosed- 
ijj^ Adages compste opeonsSded xxrtors^ and aU 50 
libe stttges subsequent l!o tiie said at£^ or stages 
oompdse shrotuded lOtors. 

2. A mi^-9tRge ceonifugal compressodr as 
dam^ m Gban 1 in "Mdb all the iCrtiQiis 
hajve tbe same outside dsBineiCer. 55 

5. A mtthi-fitflge ceottlfugal compiaessor as 
cto^fd in Claim l or Qaam 2 in which a 
thrust beamg lor the lotor shaft is provided 
ctose die open-sic^ totor of t^e firat stage. 

4. A mnlti-sm^ centzifiigal compressor sub- 60 
siantMy as spedficadly described with refei^ 
encc to the^soompai^sng dt& waig* 

A^cma for the Appttcaots. 



Leamington Spa t FFinted ^or Her Maiesi^'s StatioDeiy Office, by iha Conrier 
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754,322 COMPLETE SPECIPICATJON 

f SHEET jhis drawing Is a repittrfucttoii of 
thB Orlgxnaf on a rttbfced sorte. 
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